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Previews
CGG repeat is polymorphic, ranging from 5 to 50 CGGs.From Fragile X Mental Retardation
A repeat number between 50 and 200 is called a premu-Protein to Rac1 GTPase: tation, and unexpected phenotypes in premutation carri-
ers have recently been described (for review, see Bar-New Insights from Fly CYFIP
doni and Mandel, 2002). In fragile X patients, the most
frequent mutation corresponds to an expansion of the
CGG repeats into the mutant range (200 repeats) and
is associated with a hypermethylation of CpG dinucleo-Mutations in either the Rho GTPase pathway or in
tides, including those in the adjacent promoter region.the fragile X mental retardation (FMR1) gene produce
The consequence of these genetic and epigeneticneuronal connectivity defects. In this issue of Neuron,
changes is a transcriptional silencing of FMR1 and theSchenck et al. use biochemical and genetic ap-
absence of FMRP protein.proaches in Drosophila to examine the interactions
How does the absence of FMRP cause the clinicalbetween dFMR1 and dRac1 and provide evidence that
phenotype seen in fragile X patients? Over the last 12the cytoplasmic FMRP interacting protein (CYFIP)
years, significant progress has been made in solving thislinks Rac-dependent cytoskeleton remodeling and
puzzle. Insights came from complementary functionaldFMR1-dependent control of translation in a unique
studies, including both biochemical characterization ofpathway to modulate neuronal morphogenesis.
FMRP function and in vivo analysis using model organ-
isms such as knockout mice and Drosophila mutantsMental retardation is defined as an overall “intelligence
(for review, see Bardoni and Mandel, 2002; Kaytor andquotient” lower than 70, associated with functional defi-
Orr, 2001). The FMRP protein contains several motifscits in adaptive behavior (such as daily living skills, social
involved in RNA binding (two KH domains and one RGGskills, and communication), with an onset before 18
box) and is associated with polyribosomes, as a compo-years. Moderate to severe mental retardation (IQ  50)
nent of a large mRNP complex. Subcellular distributionis estimated to affect 0.4%–0.8% of the population, and
of FMRP suggests that it plays a role in the transportthe prevalence increases to 2% if mild mental retarda-
of some specific mRNAs and/or in the regulation of their
tion (0  IQ  70) is included, although these estimates
translation. Searches for these specific mRNAs reveal
vary widely between epidemiological studies. Although
that FMRP binds to sequences that have the potential
the underlying causes of mental retardation are likely to
to form an intramolecular G quartet structure (for review,
be extremely heterogeneous, there is a strong genetic
see Bardoni and Mandel, 2002; Kaytor and Orr, 2001).
component. In particular, an estimated 20%–30% of men-
In their previous efforts to dissect out components of
tal retardation cases are thought to be due to X-linked the FMRP pathway, Schenck et al. (2001) searched for
conditions (for review, see Stevenson et al., 2000). Frag- FMRP interacting proteins using the two-hybrid system
ile X syndrome (FRAXA) is one of the most common and isolated two cytoplasmic proteins, CYFIP1 and
monogenic forms of mental retardation and occurs with CYFIP2, which display selective interactions with FMRP-
a frequency of 1 in 4000 males and 1 in 8000 females related proteins FX1P and FXR2P. CYFIP1 (or p140Sra-1,
(although females typically display a less severe pheno- specifically Rac1-associated protein) or CYFIP2 (or
type). Mental defects in fragile X patients are often asso- PIR121 or pop), which presents 94.5% of sequence simi-
ciated with other behavioral pathologies, such as hyper- larities with CYFIP1, have been shown to be specific
activity, attention deficit, or autistic-like behaviors. targets of Rac1, binding only to the GTP-bound form of
Fragile X syndrome is usually classified as a syndromic Rac1. Furthermore, CYFIP2 is part of a heteropentam-
form of mental retardation because of the physical signs eric inactive complex, which notably includes the Hem2
in male that include evocative facial features, with promi- and WAVE1 proteins (see Figure 1; to simplify this illus-
nent jaw and large ears, and postpubescent macroor- tration, only two out of the five proteins are indicated).
chidism. For this discussion, it is worth mentioning that The latter is able to mediate Rac-dependent cytoskele-
fragile X syndrome is associated neither with specific ton remodeling by direct interaction with the Arp2/3
brain malformations nor with neurodegeneration, although complex via its VCA (Verprolin-homology, Cofilin-homol-
subtle anatomical anomalies have been observed follow- ogy, Acidic) domain. Active WAVE1 stimulates the Arp2/3
ing detailed pathological studies. For instance, a higher complex, which promotes actin nucleation. Whereas
density of dendritic spines, with a higher proportion of WASP (Wiscott-Aldrich syndrome protein), which con-
apparently immature forms, has been observed in pyra- tains both a CRIB domain and an inhibitory domain, is
midal cells of the cortex of fragile X patients (Hinton et a classical effector of Cdc42, WAVE1 does not have any
al., 1991; Irwin et al., 2001). of these domains and is not able to directly bind to GTP-
The underlying physiopathological mechanisms of bound Rac. Eden et al. (2002) nicely described a new
this syndrome are not clear. However, breakthroughs mechanism of WAVE1 activation: relief of trans-inhibi-
in understanding the molecular underpinnings of this tion of WAVE1 activity. Upon Rac activation, CYFIP2
disease came in 1991 when three independent studies binds to GTP-bound Rac, and the inactive complex dis-
showed that the disease is caused by an unstable sociates, releasing an active heterodimeric complex
expansion of the CGG repeat in the 5 untranslated re- with WAVE1. All the proteins of this inactive complex
are conserved in Drosophila. Some of them (for instance,gion of the FMR1 gene. In the normal population, this
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dRac1 activation could lead to positive regulation of
dFMR1 function in regulating the translation of specific
mRNAs (see Figure 1). Among the different mRNAs tar-
geted by the mRNP-FMRP complex, Zhang et al. (2001)
have shown that dfxr is able to inversely regulate Futsch,
the Drosophila homolog of the microtubule associated
protein MAP1B. Futsch is required for dendritic and axo-
nal development, as well as for synaptic growth. There-
fore, the regulation of its synthesis through FMRP con-
trol might be a key step in controlling the neuronal and
synaptic morphology.
What could be the respective functions of each part-
ner of the pathway? One might consider dFMR1 as an
effector of Rac1 pathway with no ability to bind GTP-
bound dRac1, just like WAVE1. In this hypothesis, CYFIP
would act as an inhibitor not only of WAVE1 but also
FMRP. It is worth noting that the CYFIP interacting and
the homo/heterodimerization domains of FMRP overlap,
suggesting that binding to CYFIP could interfere with
the homo/heterodimerization of FMRP. Upon Rac acti-
vation, CYFIP would bind to GTP-bound Rac and release
FMRP and WAVE1 in active complexes where they can
regulate both the actin cytoskeleton through the Arp2/3
complex and the microtubule cytoskeleton through the
control by FMRP of specific mRNA translation such as
MAP1B mRNA.
A particularly interesting aspect of this work is that it
Figure 1. Rac1-Dependent Regulation of Translation by FMRP provides further support for the emerging idea that Rho
GTPase pathways contribute to the physiopathology of
X-linked mental retardation conditions and, in particular,
SCAR or Kette, the Drosophila homologs of WAVE1 and play an important role in those conditions defined as
Hem2, respectively) have been implicated in the control “nonspecific“ forms of XLMR (MRX), for which cognitive
of cytoskeletal organization, and mutations in these impairment is the only defining clinical feature. Indeed,
genes have been shown to affect neural development, among the 12 identified genes associated with MRX,
including axonal pathfinding and neurogenesis. These three encode proteins linked to Rho GTPase-dependent
data, together with the demonstation of interactions be- signaling pathways: Oligophrenin-1 (OPHN1), a RhoGAP
tween CYFIP and FMRP, suggested a model where protein; PAK3 (p21 [CDKN1A]-activating kinase 3), a
CYFIP proteins and Rac1 might be part of a pathway Rac/Cdc42 downstream effector; and ARHGEF6/aPIX/
regulating both cytoskeleton remodeling and FMRP- Cool2, a Rac/Cdc42 guanine exchange factor. A fourth
dependent control of translation. MRX gene, TM4SF2, which encodes a tetraspanin family
In this issue of Neuron, Schenck et al. (2003) tested member, may also be directly linked to Rho GTPase
pathways, as it is associated with subunits of the integrinthis possibility in fly. Specifically, they examined the
(for review, see Chelly and Mandel, 2001). Together withconsequences of loss of CYFIP function (the Drosophila
the well-established role of Rho GTPase pathways ingenome contains only one version of CYFIP) on neuronal
the regulation of processes involved in neuronal mor-morphology both in the central (CNS) and peripheral
phogenesis and synaptogenesis (Luo, 2000), these re-(PNS) nervous system and on synaptic morphology at
sults suggest a provocative picture for Rho GTPase-the neuromuscular junction (NJM). Mutant neurons have
linked MRX disorders where subtle disfunctions of theimpaired axonal pathfinding and growth and defects in
cytoskeletal dynamics result in deficiencies in neuronalmotor axon terminals. These findings are reminiscent
connectivity and function, which in turn lead to defectsof the abnormal high proportion of immature dendritic
in cognitive function and behavior of the individual.spines observed in fragile X patients and in mouse mod-
els of FMRP deficiency. To get at the mechanisms that
underlie these defects, the authors showed that bio- Pierre Billuart and Jamel Chelly
Institut Cochinchemical interactions between CYFIP and FMRP or
INSERM unite´ 567Rac1 are conserved in fly and that these interactions
CNRS 8104seem to be mutually exclusive. Finally, they performed
Universite´ Paris V, CHU Cochinconcordant genetic interactions in two model systems,
24 Rue du Faubourg Saint Jacquesthe eye and the nervous system, and demonstrated that
75014 ParisCYFIP has opposite effects on dRac1 and dFMR1 mu-
Francetant phenotypes, thus establishing in vivo that these
molecules act in a common pathway.
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Presynaptic excitatory effects of nicotine involving
presynaptic [Ca2]i were first shown at interpeduncular
nucleus synapses by McGehee et al. (1995) and at
mossy fiber synapses by Gray et al. (1996). The study
by Sharma and Vijayaraghavan reports four importantCan a Synaptic Signal
results: (1) nicotine dramatically increases the frequencyArise from Noise?
of occurrence of miniature excitatory postsynaptic cur-
rents (mEPSCs) recorded under voltage clamp from
postynaptic neurons, (2) a new class of very large
mEPSCs appears, (3) both effects depend upon Ca2The spontaneous fusion of vesicles at nerve terminals
influx through nAChRs and Ca2-induced Ca2 releaseproduces random miniature postsynaptic potentials
(CICR) from ryanodine-sensitive intracellular Ca2(quantal responses) that are thought to have little func-
stores, and (4) the high-frequency barrage of mEPSCs—tional significance. In this issue of Neuron, Sharma
including large mEPSCs—depolarizes pyramidal cellsand Vijayaraghavan provide evidence that exogenous
sufficiently to induce intense firing, transmitting a “sig-signals can accelerate and synchronize the occur-
nal” across the synapse.rence of quanta strongly enough to activate postsyn-
Perhaps the most remarkable finding relates to theaptic neurons in what may be a new way to transfer
nicotinic enhancement of the release of very largeinformation across synapses.
mEPSCs, up to 200 pA or 3 times the largest minis
seen under control conditions. Henze et al. (2002) have
It was over 50 years ago that Paul Fatt and Bernard Katz
described occasional even larger “giant” minis (up to
(Fatt and Katz, 1950, 1952) first observed the random 1.7 nA), which are probably due to the release of giant
release of transmitter packages, which they called vesicles. The giant minis are unaffected by changes in
“quanta,” at the frog neuromuscular junction. Originally external [Ca2], unlike the large minis studied by Sharma
mistaken for the footsteps of A.V. Hill, who was wont in and Vijayaraghavan (2003), suggesting that the two are
those days to pace the corridors of University College distinct. An important question is whether the large minis
London, quanta were too large to reflect leakage of Sharma and Vijayaraghavan observe are indeed multi-
single molecules of acetylcholine, and local nerve termi- quantal, as they do not show some features characteris-
nal spikes were proposed. It didn’t take long for Fatt tic of multiquantal release at other synapses, including
and Katz (1953) to recognize that the electrical events the telltale periodic peaks in amplitude histograms pre-
they recorded from muscle fibers corresponded to the viously described in the multiquantal mEPSCs in cere-
spontaneous release of multimolecular packets of trans- bellar mossy fiber to granule cell synapses (Wall and
mitter, independent of presynaptic electrical activity. Usowicz, 1998) and periodic notches on their rising
Once synaptic vesicles were described using the elec- phase. They do, however, show the dependence on
tron microscope, it was natural to suppose that these CICR of mIPSCs recorded from Purkinje cells (Llano et
were the packets of transmitter-comprising quanta al., 2000). The strongest evidence presented for multi-
(Castillo and Katz, 1955). Quantal responses were a nat- quantal minis is a correlation between amplitude and
urally occurring synaptic noise, which subsequently rise time that might reflect near coherence of quantal
proved quite valuable in analyzing mechanisms of trans- units. Alternative explanations for this correlation might
mitter release at synapses. These miniature endplate be postsynaptic receptor saturation, or spillover to adja-
potentials (mEPPs), or miniature excitatory or inhibitory cent postsynaptic densities, by large uniquantal minis.
synaptic potentials (mEPSPs or mIPSPs) as they are However, the “giant” minis should be even more blunted
called when they are recorded from central neuronal by such saturation, or broadened by spillover, which
synapses, provided a marvelously useful tool for probing seems not to be the case (Henze et al., 2002), making
synaptic function. They formed the foundation for a lively these alternative explanations less likely. Further experi-
ments that would strengthen the case for multiquantalcottage industry of “quantal analysis” that has occupied
